Genetic diversity within Canadian-grown North American ginseng (Panax quinquefolius L.) was evaluated using random amplified polymorphic DNA (RAPD) markers. Fifteen primers that produced 35 highly repeatable polymorphic markers were used to screen over 600 plant samples from various Canadian ginseng farms and seed lots. Ten samples from a Wisconsin seed lot and 58 samples from three natural ginseng populations in Quebec were also included for comparison. Genetic distance values, estimated as the complement to the simple matching coefficient, within cultivated populations ranged from 0.21 for a population in Nova Scotia to 0.34 for a British Columbia population, with an overall mean of 0.3. Distance values within three natural populations were either similar (0.33) or lower (0.12, 0.19) when compared with cultivated populations, indicating that populations under cultivation have not undergone a reduction in overall genetic diversity. However, one RAPD marker was polymorphic only in natural populations. Monotonic multidimensional scaling and x 2 analyses indicated that natural populations were genetically distinct from cultivated ones. Individual plants originating as seeds from the same mother plant had much lower genetic diversity (mean of 0.18) compared with individual field-grown plants chosen at random from the same farm. Segregation of some RAPD markers was observed among the progeny, indicating that parental plants have some degree of heterozygosity and that a level of outcrossing may be present. Estimates of the component for genetic diversity between populations (G ST ) were 18.0% and 28.0% for cultivated and natural populations, respectively; much of the variation was detected within and not between populations. These results imply that North American ginseng is a heterogeneous mix of genetic material and that the observed genetic diversity in cultivated populations in Canada results largely from the mixing of different seed lots. In addition, heterozygosity within the parent plants and cross-pollination appear also to contribute to genetic variation in this species.
Introduction
One of the most widely used medicinal herbs in the world is ginseng (Panax spp.) (Li and Mazza 1999) . The two most important species grown commercially are Panax quinquefolius L. (North American ginseng), which is native to eastern North America, and Panax ginseng C. A. Meyer (Korean ginseng), which is native to northeastern China and the Korean peninsula (Proctor and Bailey 1987) . Both species are reported to be allotetraploids with a chromosome number of 2np4xp48 (Hu et al. 1980; Proctor and Bailey 1987) . Cultivation of P. quinquefolius in Canada began over 100 yr ago when it became apparent that harvesting of wild populations was leading to their extinction (Proctor 1986; Court et al. 1996; Bai et al. 1997) . About 3000 ha of P. quinquefolius were cultivated in Canada in 1997, primarily in the regions of British Columbia and Ontario (Li and Mazza 1999) .
Ginseng is propagated from stratified seeds, which are planted in the fall (September-October) to give rise to firstyear seedlings the following spring (April-May). Mature berries containing one to three seeds each are collected when the plants are 3-4 yr old and undergo a stratification period of 1 Author for correspondence; e-mail punja@sfa.ca. Manuscript received February 2001; revised manuscript received December 2001. ca. 12 mo, during which cool/warm periods are provided to enhance embryo maturation (Proctor and Louttit 1995) . Seeds are sold or exchanged by growers within and between the major ginseng production areas (Proctor et al. 1999 ). There are no identified cultivars of ginseng, and no attempts at selection for improved horticultural characteristics have been made yet because of the long reproductive cycle and difficulties associated with seed stratification and germination (Proctor 1986; Proctor and Bailey 1987; Boehm et al. 1999) . As a result, ginseng in a commercial field may exhibit considerable phenotypic variability, such as in leaf size and shape, number of flowers, plant height, and susceptibility to disease (Hu et al. 1980; Proctor and Bailey 1987; Bai et al. 1997; Schluter and Punja 2000) . Other reported differences among plants in a field include variable inflorescence structure and variation in levels of saponins (or ginsenosides) present in roots and leaves (Proctor 1986; Smith et al. 1996) . It has been suggested that North American ginseng is comprised of unimproved land races (Bai et al. 1997; Boehm et al. 1999) .
Several reports indicate that P. quinquefolius is highly selffertile because bagging of the inflorescence to exclude pollen from neighboring plants and potential pollinators does not reduce seed set and, in some instances, enhances it (Carpenter 1980; Carpenter and Cottam 1982; Lewis and Zenger 1983; Schluter and Punja 2000) . These observations may indicate that some of the seeds obtained from ginseng in cultivated fields may be the result of self-pollination. The impact of this reproductive strategy on genetic variation has not been determined. A low level of cross-pollination may occur, however, since generalist insect pollinators, such as bees and ants, have been observed on ginseng inflorescences in the field (Carpenter 1980; Carpenter and Cottam 1982; Lewis and Zenger 1983; Schluter and Punja 2000) .
Randomly amplified polymorphic DNA (RAPD) markers have been used in previous studies to estimate genetic diversity and relatedness among populations of many plant species. The results have shown that RAPDs can be used to detect genetic variation among species (Divaret et al. 1999; Rodriguez et al. 1999; Ruas et al. 1999) , cultivars (Nicese et al. 1998; ObaraOkeyo and Kako 1998; Moeller and Schaal 1999) , populations (Bai et al. 1997; Boehm et al. 1999; Bussell 1999; Fahima et al. 1999; Gugerli et al. 1999; Loo et al. 1999; Nebauer et al. 1999; Thomas et al. 1999) , and even clones (Goto et al. 1998; Watanabe et al. 1998; Al-Zahim et al. 1999; Binsfeld et al. 1999) .
Two previous studies have examined the level of genetic diversity in North American ginseng using RAPD markers (Bai et al. 1997; Boehm et al. 1999) . A high degree of genetic variation was reported in one cultivated population of P. quinquefolius from Ontario, which was initiated from a mixture of seeds collected from different ginseng farms over several years (Bai et al. 1997) . Variation within and among populations of cultivated and wildtype P. quinquefolius in various regions of North America was characterized by Boehm et al. (1999) . The results indicated that there were no distinct genetic populations within cultivated P. quinquefolius but that two wildtype populations included in the study were genetically distinct from the cultivated populations and from each other. Therefore, cultivated ginseng appears to be comprised of mixed collections of genetically different plants that vary greatly within a population but much less so among populations.
The extent of genetic variation within and among individual commercial farms and among seed lots of P. quinquefolius has not been studied. It is not known whether commercial cultivation may be leading to a reduction in genetic diversity. At present, natural populations of P. quinquefolius are protected in Canada in an attempt to preserve genetic diversity in the species, on the assumption that intensive cultivation will erode diversity. If advanced generations of ginseng result primarily from selfing, or if a breeding program is implemented, the impact these factors would have on the current level of genetic diversity in cultivated populations is unknown. Information that quantifies genetic diversity is necessary to determine the impact of selection in future ginseng breeding programs. The objectives of this study were to (i) establish whether RAPDs could provide genotype-specific identification of ginseng, (ii) determine the level of genetic diversity within and among different commercial farms and seed lots of P. quinquefolius in Canada, (iii) establish if genetic diversity in three protected natural populations was distinct from that in cultivated populations, and (iv) utilize information about genetic diversity to form hypotheses regarding mechanisms of gene flow.
Material and Methods
A total of 641 plant samples was collected from June 1995 to July 2000. Plant samples originated either as leaves from field-grown plants, from cultivated areas (eight fields, 127 samples) or from three reproductively isolated natural populations located near Montreal, Quebec (58 samples), or as seed (stratified and unstratified). One of the cultivated fields (40 samples, labeled "RD-S") contained 5-yr-old individuals sown from the seeds collected from 100 selected plants displaying large root size. Progeny seeds from this population were also collected (20 samples, labeled "RD-S2"). Leaves were collected from 3-5-yr-old plants in the cultivated populations (the ages of plants in natural populations were unknown) and wrapped in moist paper towels after collection. They were frozen in liquid nitrogen within 24 h and stored at Ϫ80ЊC until needed. The seeds were provided either as a sample from a "seed lot," which represented seeds collected from different plants in one cultivated field and bulked (16 seed lots; 160 samples) or as "maternal families," representing seeds collected from mature inflorescences of 21 plants (three locations, 296 samples) and kept separate from all other samples. Early in the season, before flowering began, inflorescences of five of these 21 plants were bagged in fine-meshed, white cloth polyester to exclude pollinators and ensure self-pollination. The seeds had either been stratified before their arrival or were stratified in the laboratory. For stratification, depulped seeds were mixed with about two volumes of moist, autoclaved sand and placed in the dark for 3 mo in an incubator at 4ЊC, followed by 4-5 mo at 15ЊC, and then at 4ЊC until the radicles had emerged. Seeds were planted in sterilized potting medium and seedlings were grown at 20Њ-23ЊC with a 16-h photoperiod. For each seed lot, a random sample of 10 seedlings was chosen for RAPD analysis. In some experiments where seed numbers were limited because of inviability or low germination rates, DNA was extracted from the developing embryo within the seed, which was aseptically dissected. 
DNA Extraction
About 100 mg of leaf, seed, or embryo tissue was ground with a small quantity of sterile silica sand using a disposable plastic pestle in a 1.5-mL microcentrifuge tube containing 300 mL extraction buffer (200 mM Tris, pH 8; 1.5 M NaCl; 100 mM EDTA, pH 8; 2% SDS). An additional 300-mL extraction buffer was added, and the mixture was incubated at room temperature for 1 h. After centrifugation at 21,000 g for 1 min, the supernatant was transferred to a new tube, to which 500 mL phenol : chloroform : isoamyl alcohol (25 : 24 : 1) was added, vortexed to form an emulsion, and centrifuged at 21,000 g for 5 min. The supernatant was transferred and reextracted with phenol : chloroform : isoamyl alcohol. Two and one-half volumes of 95% ethanol was added to the supernatant, and the mixture was left overnight at Ϫ20ЊC. The sample was centrifuged at 21,000 g for 5 min, and the pellet was washed twice with 70% ethanol and air dried. The resultant pellet was resuspended in DNeasy AP1 buffer (Qiagen DNeasy plant mini kit, Mississauga), and the rest of the extraction procedure was conducted following kit instructions. Extracted DNA was resuspended in DNeasy AE buffer, and the concentration was estimated spectrophotometrically. Ratios of A 260 / A 280 and of A 260 /A 230 were measured to determine that protein, polyphenolic, and polysaccharide contamination was minimal. If DNA quality was poor, the extraction was repeated. Quantified DNA samples were diluted to 5 ng/mL with DNeasy AE buffer.
RAPD Amplification Conditions
A total of 126 decamer primers was initially screened for polymorphisms among 12 ginseng samples originating from Lillooet, Merritt, Walachin, and Vernon, British Columbia, as well as from several Ontario farms. Primers were obtained either from Operon Technologies (Alameda, Calif.) or from the Nucleic Acid-Protein Service Unit at the University of British Columbia (Vancouver). To identify polymorphic primers, reactions were conducted at least twice. Subsequently, a set of 15 primers was used to screen all 642 samples. The primers were 18, 81, 98, 164, 177, 203, 210, 227, 262, 326, 398, 419, 464, and 497 .
A series of optimization experiments was conducted in which concentrations of template, DNA, primers, dNTPs, and Taq polymerase were varied to establish the conditions that produced intense and reproducible banding patterns. In addition, for the first 90 samples, each sample was reextracted and reassayed at different times to establish reproducibility of RAPD patterns. Only intensely stained and consistent markers were considered. Once the conditions that produced identical patterns in the assays were determined, the remainder of the samples were extracted and amplified once. Negative controls were routinely used to check for possible contamination, as were positive controls to ensure reproducibility among reactions.
Mixtures for PCR (25 mL) contained 25 ng DNA, 50 mM KCl, 10 mM Tris, 0.1 mM each of dATP, dCTP, dTTP, and dGTP, 0.2 mM of a single primer, 1.75 mM MgCl 2 , and 1 unit of Taq polymerase (Gibco BRL). Amplification was performed in a DNA Thermal Cycler 9700 (Perkin-Elmer-Cetus, Norwalk, Conn.) for 46 cycles. Each cycle consisted of denaturation at 94ЊC for 20 s, annealing at 35ЊC for 1 min, followed by a 3-min rise to 72ЊC and primer elongation at 72ЊC for 1 min. The final primer-elongation segment was extended to 10 min. Approximately 15 mL of the amplified products was loaded onto a 1.5% agarose gel and separated by electrophoresis in TAE buffer (1.6 M Tris, 0.8 M acetic acid, 40 mM EDTA) at 5 V/cm. Amplification products were visualized on a UV transilluminator after staining with ethidium bromide and photographed with Kodak PLUS-X pan film (Eastman Kodak, Rochester, N.Y.).
Genetic Relationships
In this study, populations were defined as groups of plants that originated from the same farm, seed lot, or geographic area (for the cultivated and natural populations). For the seeds, derived from 21 mature inflorescences, a maternal family was defined as all of the progeny of seed embryos derived from a single plant. Polymorphic bands were scored as present (1) or absent (0), and each fragment was named by the primer number and its approximate size in base pairs. Genetic distance (GD) was estimated based on both the simple matching coefficient (Grower 1972 ) and Jaccard's similarity coefficient (Jaccard 1908) such that imilarity, for two subsets GD p 1 Ϫ s of the data: (1) among 227 individual plants from cultivated fields and seed lots (excluding selected populations RD-S and RD-S2) and (2) among 296 individuals collected from mature inflorescences of 21 plants (maternal families). The resulting distance matrices were fitted in two dimensions using the monotonic multidimensional scaling (MDS) procedure in S-PLUS 2000 Professional Release 2 (MathSoft, Cambridge, Mass.). Dendrograms were created with UPGMA (unweighted pair group method with arithmetic averaging) cluster analysis using the program Neighbor from PHYLIP version 3.57c (Felsenstein 1995) and visualized with TREEVIEW version 1.5 (Page 1996) .
Partitioning of Genetic Variability
Estimates of diversity and partitioning of genetic variability within and among populations were calculated as described by Bussell (1999) . Selected populations (RD-S and RD-S2) were excluded from this analysis, and natural and cultivated populations were examined separately. Shannon's Index for each RAPD locus was calculated for each population as Estimates of diversity and partitioning of genetic variability within and among maternal families were also conducted, as described above, in order to examine the level of genetic diversity found within individual families. For this analysis, families from bagged inflorescences were examined separately from families originating from nonbagged inflorescences. The entire sample size consisted of 95 individuals originating from bagged inflorescences and 201 individuals originating from nonbagged inflorescences. The number of populations (n) was 5 and 16 for families originating from bagged and nonbagged inflorescences, respectively. 
Population Integrity
To complement the analysis, populations comprising cultivated, selected, natural, sibling (maternal families), and regional samples were compared in a pairwise fashion for differences in individual marker frequencies. Following the method proposed by Boehm et al. (1999) , the genetic differences calculated with the simple matching coefficient, Jaccard's similarity coefficient, and Shannon's Index were verified by comparing marker frequencies on a marker-by-marker basis. The significance of these observed frequency differences was tested with a x 2 test of goodness-of-fit (Snedecor and Cochran 1967) . Populations were evaluated in a pairwise fashion for each polymorphic marker. Under the null hypothesis, the mean marker frequency of the two populations in each pairwise test became the expected marker frequency. x 2 values and degrees of freedom were pooled over all polymorphic markers. Markers were defined as polymorphic if their frequencies were not fixed (i.e., 1 or 0).
Results

DNA Quality
The average yield of total DNA was determined to be ca. 42 ng/mg fresh leaf mass or seed embryo mass. For most samples, the A 260 /A 230 ratio was near or above 1.0, indicating little polysaccharide or polyphenol contamination. The A 260 /A 280 ratio for most samples was between 1.5 and 1.8, indicating an acceptable level of protein contamination. Samples with lower absorbance ratios (A 260 / )u s u a l l ya m p l i fi e dw e l lo n c e A ! 1.3 280 the DNA had been diluted to 5 ng/mL.
Primer Selection
A total of 126 primers was initially used in this study. Fiftyeight gave weak or no amplification, 28 gave scorable monomorphic amplification patterns, and 40 yielded 1-4 scorable polymorphic RAPD bands ranging in size from 500 to 12027 bp. Of the 40 primers, 15 that generated 35 highly reproducible polymorphic RAPD markers were selected for further analysis of the samples.
Diversity Analysis
Considerable phenotypic variation was observed among ginseng sampled from a commercial field ( fig. 1A) . Individual plants within a field showed differences in leaf morphology ( fig. 1B) . RAPD profiles (figs. 2, 3) and genetic distance values within and among different populations (table 2) reflected the apparent phenotypic variation and indicated that there was a high level of genetic diversity within and among natural, cultivated and regional populations of Panax quinquefolius. RAPD profiles among the three different species of Panax were very different and clearly indicated that genetic distance among species was much higher than within (data not shown). Distance values within cultivated populations ranged from 0.21 for a population originating from Nova Scotia (#6) to 0.34 for an Ontario population (Knox) with a mean of 0.30 (data not shown). An MDS of the matrix of genetic dis-227 # 227 tance values for all cultivated samples (minus those selected for large roots and maternal families) did not reveal any clusters associated with a particular population or geographic region ( fig. 4A) . A x 2 analysis for population band frequency comparison indicated that some populations were significantly different from each other (table 3) ; however, there were no significant differences ( ) between cultivated samples P ≥ 0.05 from different Canadian regions (table 6 ). There was a significant difference between the Wisconsin population and all Canadian regional populations (table 6); however, average genetic distance among different cultivated growing regions (fig. 5) were similar to mean genetic distances within populations (table 2) .
To determine the possible effects of selection for improved horticultural characteristics on genetic diversity, a population of 40 individuals (RD-S) sown from the seeds collected from 100 selected plants displaying large root size was analyzed, as well as 20 of their progeny (RD-S2). The genetic distances within the RD-S and RD-S2 populations were 0.28 and 0.25, respectively. These values were very similar to distance values within other cultivated populations, including a population (RD) originating from the same farm where no selection had been made (table 2) . A x 2 analysis showed no significant difference between the selected population (RD-S) and the nonselected population (RD); however, there was a significant difference between populations RD and RD-S2.
Two of the natural populations from Quebec had less genetic variation than cultivated populations in British Columbia, Ontario, Nova Scotia, and Wisconsin, while one was similar (table  2) . Distance values ranged from 0.12 to 0.33 with a mean of 0.21, and the overall natural population genetic distance (calculated using all 58 individuals) was 0.27 (table 2) . Interestingly, one RAPD marker (UBC 98-650) was found to be polymorphic within the natural populations but monomorphic within all cultivated populations ( fig. 2) . MDS analysis of the genetic distance matrix for all samples showed that plants from natural populations were genetically distinct from cultivated plants ( fig. 4B ). This was also confirmed by x 2 analysis that indicated significant differences were present between cultivated and natural populations (table 6). The MDS plot did not separate the three natural populations from one another; (1i-6i, 8i, 10i-12i) . Sample size n p and 10 for maternal families and cultivated populations, respectively. 9
however, x 2 analysis revealed that the three populations differed significantly from one another (table 6) .
Maternal families had less genetic diversity compared to all other cultivated populations (table 2). These families were characterized by being monomorphic for as many as 13 (population 3i) of the 15 primers evaluated (fig. 6 ). This was in contrast to natural and cultivated populations, which were monomorphic for only 0-5 of the 15 primers evaluated ( fig.  6 ). MDS analysis indicated that siblings tended to cluster ( fig.  4C ), while individual field-gown plants from the same farm chosen at random did not ( fig. 4D) . A x 2 analysis supported this finding, with significant differences among nearly all maternal families (tables 4, 5). However, some genetic diversity was still observed within these families. Distance values ranged from 0.04 (population 3i) to 0.21 (population 13i) with a mean of 0.17 for families in which the inflorescences were nonbagged, and from 0.06 (population 19i-B) to 0.17 (population 15i-B) with a mean of 0.11 for families from bagged inflorescences (data not shown).
Partitioning of Genetic Variability
Shannon's Index was used to partition the diversity of the various ginseng populations (or families) into within-and among-population (or family) components. For cultivated populations, maternal families and plants selected for large root size were excluded from the calculations. In both cultivated and natural populations, most of the RAPD variation occurred within rather than among populations. 
Sample Size
To determine the effects of sample size on diversity estimates, eight populations (L, CC, 9i, #1, #2, W1, W2, W3) selected at random were analyzed based on either 10 or 20 individuals each. For all cultivated populations, within-population genetic diversity was comparable for both data sets (differences were in the range of 0.01-0.05). For example, within-population genetic diversity values for population L were estimated to be 0.30 using 10 plants and 0.31 using 20 plants. In natural populations, sample size affected the diversity measures in one of the populations (W2). Within-population genetic diversity values for populations W1, W2, and W3 were 0.31, 0.06, and 0.19 for 10 plants and 0.33, 0.12, and 0.19 for 20 plants, respectively.
Discussion
Our study reports the extent of genetic variation within and among cultivated and natural North American ginseng populations and among progeny from individual plants (maternal families). We confirm previous reports of the presence of a high level of genetic diversity among North American ginseng plants, both cultivated and noncultivated (Bai et al. 1997; Boehm et al. 1999) . This study has provided additional insight into the reproductive biology of this medicinal plant and of the potential impact of ginseng breeding programs on genetic diversity.
Genetic distance was measured with both the simple matching coefficient and Jaccard's coefficient of similarity. These coefficients consider RAPD bands as phenotypic rather than genetic characters and consider individuals that possess a band in common (Jaccard's) and/or lack a common band (simple matching) to be genetically similar. Nei's genetic distance index was not appropriate for this analysis because it is based on populations (table 6 ). All RAPD markers recorded in this study were shared by all populations. Thus, the variation among populations was detected as differences in marker frequencies rather than the presence of unique markers. The genetic distance values and marker frequencies of a population of progeny from 100 plants selected for large roots (RDS) were very similar to those of a population of cultivated plants from the same farm that had not undergone selection (RD). Without further selection, genetic diversity and marker frequency in the next generation (RD-S2) also remained very similar. These findings indicate that one cycle of selection followed by bulking of seeds did not significantly reduce genetic variation. Two of the three natural populations had a lower level of genetic diversity than cultivated populations, indicating that Panax quinquefolius populations under cultivation have not undergone a reduction in genetic diversity, perhaps because of a bulking and mixing of seed from different geographic locations. However, there was one marker (98-650) that was polymorphic only in natural populations, indicating that natural populations have distinct genetic differences from cultivated populations. Therefore, current efforts to preserve natural populations have some merit.
Genetic variation and its partitioning among and within populations of a plant species is determined by several factors, such as breeding system (outcrossing vs. selfing), seed dispersal mechanisms, life form (annual vs. perennial), and geographic range (Hamrick and Godt 1996) . Life form and breeding systems in particular can have significant influences on genetic diversity and its distribution (Hamrick and Godt 1996) . Data summarized from allozymes and RAPDs have provided an average for outbreeding species, 21.2%-24.0% for G ! 19% ST species with a mixed mating system, 58.7%-59.6% for inbreeding dicots, and 41.2% for inbreeding monocots (Hamrick and Godt 1996; Bussell 1999) . For cultivated populations of ginseng, most of the RAPD variation was detected within and not among populations (
). This pattern could be G p 18.0% ST explained by the movement of seeds between growers within and among the major production areas, which effectively translates to a high degree of gene flow among populations and minimizes their genetic differences.
Maternal families had less genetic diversity compared with other cultivated populations (table 2), and G ST values (56.1% and 57.0%) indicated that siblings are more genetically similar to each other than they are to unrelated individuals. This indicates that distinct genetic differences could begin to develop within ginseng populations if breeders implemented controlled self-fertilization and developed cultivars for improved agronomic traits in specific regions. However, G ST values for maternal families also indicated that there is some degree of genetic diversity among siblings. Segregation of RAPD markers among the progeny of both bagged and nonbagged maternal families was observed, indicating that parental plants were likely heterozygous and that some level of outcrossing may occur. The G ST in natural populations was estimated at 28.0%, a value common to species with a mixed mating system (Hamrick and Godt 1996) . In a previous study, indirect estimates of the mating system in P. quinquefolius were made by calculating the outcrossing indices (Schlessman 1985) . It indicated that flowers of P. quinquefolius are morphologically adapted for a mixed mating system of autogamy (pollination within flowers on the same umbel) and xenogamy (pollination between flowers on different umbels) (Schlessman 1985) . In the same study, inflorescences that were emasculated to enforce xenogamy produced almost the same proportion of seeds as those that were bagged and not emasculated (Schlessman 1985) .
In Medicago truncatula, a self-pollinated legume, high intrapopulation variability for RAPD markers was attributed to rare outcrossing events (Bonnin et al. 1996) , and a similar situation may be present in P. quinquefolius. Theoretical models on the relative frequencies of self-and cross-fertilization have postulated that inbreeding depression in adults diminishes some of the advantages associated with selfing, especially in 438 INTERNATIONAL JOURNAL OF PLANT SCIENCES long-lived perennials that experience inbreeding depression over many seasons (Morgan et al. 1997 ). The models indicate that a perennial life history should maintain a certain level of outcrossing (Morgan et al. 1997; Zhang 2000) . In this study, genetic variation values among progeny from bagged versus nonbagged plants were not markedly different. Segregation of RAPD markers was also observed in the first generation selfed progeny of bagged plants, indicating that heterozygosity in the selfed parent plant and not cross-pollination from another plant was the probable explanation. Experiments with controlled crosses between plants with distinct RAPD markers should clarify the contributions of heterozygosity and crosspollination to genetic diversity in this species. The level of genetic diversity currently present in cultivated ginseng populations indicates that selection for desirable traits could be conducted based on the existing germplasm base. Several cycles of self-fertilization would be required to stabilize the traits, and it is not known if inbreeding depression would result. Crossing of homozygous lines could produce desirable hybrids with an appropriate complement of traits while producing heterozygosity.
